Since 1 July 1977, all newly diagnosed diabetic children in Sweden have been consecutively reported to a central register in Stockholm. An analysis covering the first 3 years [1] revealed a mean annual incidence of 22.7 per 100000 children. While a higher incidence has been reported from Finland, studies from other parts of Scandinavia and the western world show lower incidence rates [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Compared to a smaller retrospective Swedish study conducted 1970-1975 [18] , a small increase in incidence rate (19.6 compared to 22.7 per 100000) was noted. It is of special interest to study this tendency prospectively, as several recent reports using different retrospective methods [2, 3, 6, 11, [19] [20] [21] [22] [23] [24] [25] indicate an increase in the incidence of Type 1 diabetes.
In our previous study, a geographical variation of incidence rates within Sweden was noted. In accordance with several other reports, the first three-year period showed peak incidences in the prepubertal years for both boys and girls. A consistently higher incidence was noted for boys in the younger (0-10 years) age groups. Peak incidence of new cases were reached in the autumn and winter.
The present analysis, covering registered data until 1 July 1983, is aimed at answering the following questions:
I. Is there an increase in the incidence of Type 1 diabetes in Sweden ? 2. Can significant geographical variations in incidence rates be found within Sweden? 3. Are previously noted differences in incidence rates by sex, by age and by season stable? 4. To what extent do Type 1 (insulin-dependent) and Type 2 (non-insulin-dependent) diabetes respectively occur in first degree relatives ?
Subjects and methods
In Sweden, all children aged 0-14 years with suspected diabetes are referred to and treated at the pediatric clinics. After diagnosis all children with diabetes are hospitalized during the first 1-3 weeks of illness. In the present study, all 44 pediatric clinics in the 24 counties of Sweden reported their newly diagnosed diabetic patients to a central register in Stockholm. A standardized form was used to record the patients' date of birth, sex, name and address of the hospital, date of diagnosis of diabetes (i. e. the day when the first insulin injection was given) and the presence of Type 1 (insulin-dependent) and/or Type 2 (non-insulin-dependent) diabetes in first degree relatives. Only insulin-treated children are registered. The total number of children in the different age groups and counties were obtained from the Swedish Central Bureau of Statistics. The prevalence of diabetic children as of 1 July 1980 and 1 July 1983 was obtained by a questionnaire answered by all pediatric clinics in Sweden. Every t2-month period, each clinic Nurses were asked to check the list with the local hospital register and to report on possibly missed cases. The percentage correction obtained by these check-ups yielded a mean of 7.5% of previously non-reported cases (6.6% during the first three-year period; 8.5% during the second 3-year period). Since the previously missed cases are included in the present analysis, and since it can be assumed that all cases are locally registered, the present study should include 100% of the diabetic children. 
Statistical methods

Results
Incidence, prevalence and risk of Type 1 diabetes in Swedish children
A total of 2300 children became Type 1 diabetic patients during the 6-year period studied. 
Is Type 1 diabetes increasing in Sweden ?
The overall change in incidence from 22.7 to 25.1 per 100000 and year, between the two 3-year periods studied, can be statistically evaluated in several ways. In 15 of the 24 counties the incidence increased. In 8 counties there was a decrease, and 1 remained unchanged. The average difference was +3.5 per 100000 and year, disregarding the varying population sizes. A matched Student's t-test comparing the difference in incidence rate in each county (df= 23) during the two three-year periods is statistically significant (p < 0.05). A regression plot shows that the correlation at county level between the two three-year periods is remarkably low (Spearman's rank correlation = 0.15). The equation of a regression line formed by the plot in Figure 2 constrained to pass through the origin yields a slope of the line /3= 1.12, which is significantly different from fl= 1 (p< 0.05) (fl= 1 then corresponds to no change). It may be noted that if only one of the "outlyers" in Figure 2 , e.g. the county of Skaraborg, had been omitted, the significance of the trend would increase considerably. The increase by time can also be illustrated by the consistency in the increase during the two 3-year periods with regard to the cumulative rates for girls and boys ( Fig. 3 ) or incidence by age groups (Fig. 4) .
Can significant geographical variations be found within Sweden ?
To illustrate geographical variation, three equal intervals of incidence have been used, i.e. 17.0-22.3, Table 1 22.4-27.6 and 27.7-32.8 (Fig. 5) . The geographical pattern has been analysed by comparing SMR figures for the 24 counties by sex and by two calendar periods (Fig. 6) . The results must be interpreted with great caution since the study units represent administrative regions of considerable variation in population size (Table 1) . Thus, for some counties the number of cases are rather few. In addition, the urban city areas dominate the standard population to a great extent. The consistency between the two three-year periods is low, as previously displayed in the scattergram in Figure 2 . For two geographically close counties, J6nkrping [5] ( Table 1) and Kalmar [7] (Table 1) , the SMR value is well above that of the whole country (Fig. 6) ; this was true for both three-year periods studied. Two counties, Kopparberg and V~isterbotten [19, 23] (Table 1) , showed consistently low SMR values during both periods. For Stockholm and Malmrhus [1, 11] (Table 1) , i.e. the two counties with the highest population sizes, the small but significant deviations from SMR must be regarded as less important.
Are previously noted differences by sex, age and season stable? Table 2 gives age-and sex-specific incidence rates. The overall incidence is somewhat higher for boys than for girls during both time periods, with an average of 205 new cases occurring yearly among Swedish boys compared to 176girls (p<0.05). The excess in boys also holds for 21 of the 24 counties. For both three-year periods the age group 5-9 years shows the opposite pattern; i. e. there is a higher incidence for gifts. Looking at incidence rates by sex in 1-year age intervals (Fig. 7) , boys seem to have an increased incidence rate over girls in the youngest (0-4 years) age groups. In the prepubertal period (10-12 years for girls and 12-14 years for boys), the incidence reaches a maximum; a rapid decrease is then seen for the girls. This pattern is consistent for both 3-year periods. The significant seasonal variation as shown for the first 3-year period in an earlier report [1] is still evident when analysing the 6-year material of 2300 children by sex (Fig. 8) or age (Fig.9) . Even in the youngest (0-5 years) age group there is a slightly decreased incidence rate during the summer months.
What is the occurrence of Type 1 and Type 2 diabetes in parents ?
Of the probands, 12.8% had a first degree relative with Type 1 (insulin-dependent) diabetes and 1.5% had a first degree relative with Type2 (non-insulin-dependent) diabetes. Table 3 gives the distribution of parents with Type 1 diabetes for proband girls and boys. The chance of having a father with Type I diabetes was approximately twice the chance of having a mother with Type 1 diabetes, but there was no difference by sex of probands in this respect. Looking at age at onset (5-year intervals) and seasonality, no difference was found between probands with first degree relatives with Type 1 diabetes and those without such relatives.
Discussion
In Sweden, all newly diagnosed diabetic children up to 15 years of age have been referred to pediatric clinics; this at least 20-year-old tradition has repeatedly been officially recommended by Swedish health care programs for diabetic patients [26, 27] . The possibility that a child with onset of diabetes below the age of 15 years could have been treated without any contact with a pediatric clinic during the past decade, although it may exist, must be regarded as exceptional in Sweden. Since Table l all pediatric departments in Sweden take part in the central registration of diabetic children, and as an additional 3-10% of missed cases obtained from the local registers were included, we can assume to have reached a level of certainty close to 100%. This high level of certainty may account for part of the observed high incidence of childhood diabetes in Sweden. However, Norway [3] and Denmark [4] reported studies with levels of certainty well above 90%. The great differences between Sweden and these countries, by comparison, must depend on other factors. In genetically similar Caucasian populations like the Scandinavians [281, environmental factors such as climate or socioeconomic conditions, diet, etc. must be considered.
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The high incidence of childhood diabetes in Sweden becomes even more distressing because it tends to rise, according to the present study. An increased incidence of Type 1 diabetes has been indicated in some countries [2, 3, 6, 11, [19] [20] [21] [22] [23] [24] [25] but not in others [4, 10, 12, 15, 17] . This discrepancy could partly be due to lack of precision in the different retrospective methods used. Such lack of precision is small in the present study, as we have prospectively followed incidence rates using the same routines and regular yearly check ups. Also, when comparing the incidence rates in the present study with a smaller Swedish study covering the years 1970-1975 [18] the increase seems to be verified.
In a recent publication, Borch-Johnsen et al. [29] suggested an inverse relationship between breast-feeding and occurrence of childhood diabetes. If this is true, a decreased incidence of diabetes would soon be expected, since breast-feeding has increased significantly in Sweden during the last decade [30] . The mechanism behind this association was suggested to be immunological, i.e. the artificially fed infants would not be provided with the same amount of secretory IgA, cytotoxic T lymphocytes and B lymphocytes. Other adverse effects from the use of artificial formulas, e.g. differences in protein content and aminoacid composition must, however, also be considered. In a socioeconomically highly developed society such as Sweden, other nutrional factors to which growing children may be exposed may also play a role. A possible increase in the rate of specific virus infections may also have taken place.
Within Sweden, the significantly higher incidence rates in at least two geographically close counties and the significantly lower rates in two others are at present difficult to explain. In future studies of these geographical areas, possible differences in socioeconomic and other demographic pattern should be analysed.
The seasonal variation showing the highest incidence rates during winter and autumn, and the low incidence during summer, is in agreement with numerous previous reports [I, 2, 4, 5, 18, 30-35] . An association with seasonal variations in viral disease was earlier suggested as an explanation [36] . However, other factors such as seasonal differences in social and thermal stress and different eating habits, as well as possible delay in seeking care during summer vacations, must also be considered. In an attempt to analyse the seasonal incidence pattern in relation to sex, type of onset, age at onset and family history, Gleason et al. [37] found an exaggerated seasonality in a subgroup of children aged 0-14 years with an acute onset of the disease and without family history of diabetes, whereas no similarity was found between the diabetes incidence pattern and the pattern of viral and bacterial infections. In our study, we found no significant difference in seasonality in diabetic patients with or without a first degree relative with Type 1 diabetes. Several studies [2, 6, 11, 34] indicate a less pronounced seasonality in the youngest children compared to older age groups. Such a pattern was also found in our first three-year study [1] . However, analysing the larger 6-year material we also find a trend to sea-807 sonality in the youngest age group. Lack of seasonality may therefore be due to the relatively small number of patients in the 0-4 year age group. The repeated findings [38, 39] of seasonal variations in fasting plasma glucose in normal man showing a circular annual rhythm with the lowest levels in summer and a significant inverse correlation to temperature, is interesting for the interpretation of both the seasonality of diabetes and the high incidence rates found in Sweden and Finland.
The relative risk of developing diabetes in childhood is significantly higher for boys than for girls, as shown both in the present study and in several others [1-5, 34, 35] . This is especially evident in the youngest age groups; in the prepubertal years, v~hen incidence peaks are found for the boys and girls, the difference is not evident presumably because of the earlier sexual maturation in gifts. The higher risk for boys could either be an expression of a higher frequency of genetic risk factors in boys, or of a higher susceptibility to infections [40, 41] , as suggested by Gleason et al. [37] . Furthermore, exposure to other environmental agents might also be different in boys. If the seasonality pattern is dependent upon an infectious disease pattern, one would expect a more pronounced seasonality for boys than for girls, as actually indicated in the present study [ Fig. 8 ] and in others [42] .
In agreement with previous reports [1, 5] , a high incidence of Type 1 diabetes was found in first degree relatives of the diabetic children. For obvious reasons a high percentage of first degree relatives with Type 1 diabetes were parents. We, as well as others, have also found a higher proportion of diabetic fathers compared to mothers (approximately 2 : 1) [1, 19, 43, 44] . This finding might simply be dependent on fewer pregnancies in diabetic mothers. However, Warram et al. [44] , who studied the incidence of diabetes in offspring of diabetic patients, found a higher frequency of diabetes in the offspring of diabetic men compared to that of diabetic women. A selective perinatal loss of affected offspring of the diabetic mothers is one possibility. The preferential zygotic assortment of paternal HLA haplotype to children as shown by Cudworth et al. [45] might offer another explanation.
Epidemiological studies such as the present one indicate that, in addition to genetically determined factors such as HLA-antigens, sex and growth pattern, other factors such as climate, socioeconomic, nutritional and/or psychological stress factors may also play an aetiological role by possibly interfering with the immunological response to certain viral infections. The high and increasing incidence of Type 1 diabetes in Sweden calls for case-control studies aimed at disclosing such environmental risk factors.
